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Abstract of JP2002217465 
PROBLEM TO BE SOLVED: To provide a 
piezoelectric element which has very high 
piezoelectric characteristics and superior 
vibration transmission performance between a 
ceramic base material and a piezoelectric 
section, and has high lineality in flexure 
displacement with respect to an electric field and 
has high durability, even at long time use at high 
flexure displacement, and to provide a method of 
manufacturing the same. SOLUTION: The 
piezoelectric element comprises the ceramic 
base material 2, piezoelectric section 1 formed of 
a piezoelectric ceramic composition which is 
composed mainly of, for example, a Pb(Mg.Ni) 
1 /3Nb2/303-PbZr03-PbTi03 ternary-system 
solid solution composition, and electrodes 3 (3a 
and 3b). The electrodes 3 are electrically 
connected to the piezoelectric section 1, and the 
piezoelectric section 1 is fastened to the base 
substance 1 directly or via the electrode 3 (3a 
and 3b). 
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^©Sfi^O^TI^^WStiftV^, 0. 1 ~ 2 M 

m^7-*tl/\ N i OSriijJt^i-fSfeT-fi, N 

iO(DWW5t©tt, MgOSriljgL-tftS'b© 

JgLTftS *>©##* LV\, 

[0051] *%w^mz&m,mmmm 



iSMJil«l-h©fc*^, jEm^ffi/iJiW©! 5 b£, S 
r, Ca, Ba, &l*L a J: U ft S»jJ»ibj»tf*lS'>ft 

< 1 1 1 a-CflKfrf-S r t U\ 
[0052] bott> SVBHMfUMbfo P b 

*"Ctt*i-St, Sot, ffliUiSEfioffiT, Wfiefbfc 
*H-SJBi«i£{S:©$#*i*> &Vl;#S(c*f-fsaiUi^ 
tt*0>«|*MfcT*:£C5;: t irftS©"?, !A5e*$ 

wmtmm t -rs r t ■»» * l v ». 

[00 5 3] A(W«JC«, JE«BtS8iiafi»»«f © P b 
.o ^ Sr, Ca, a Tl^ft 5J¥^f>ji«Cjl5'>ft 

< i t 1 ffiT"ffi^1-S»^(4, ffi«tt#llJ**'P©P b 
<D2~1 Omo l %S:g^1-Sr i*W*U< , 4-8 
mo \%Zm&fZ>Zbi> i £VRtiL\,\ */c, BWM 
SSffi^f© PbSrLa T-g^-fS»^tt. ffim«§S» 
pJt#CF©P b©0. 2~1. Omo l %&W$-fZ>Z t 
HW$.L<. 0. 4~0. 9mo l %S^1"Sr b#X 

[0054] K&tt i&watms^mtt, w 

feg^S 1 ~ 1 0 n mX\ S*Sgi^S¥«» 5 m 
20 JJlTT'&Sr t^»*L< , ¥®ft&&2~5 »mX\ 

* l < , spurns 2 ~ 5 u mx\ Mc-x&m'>mm&)n 

S©3ffif«T-C*>5wt^SfJ:»*UV> 0 
[00 5 5] ¥»J«ifi7) s 1 m m*«-efoS t , 

ff«sii c pro^ia^^#^'b©©, #®i>mzK< <fts 

30 [00 5 6] S*ttS^5p*9«[a© 5(&SriB*. 

St, ^i49»ffi»^ ic < <ftSfi^:ft«i-7-^#<ft 

sfcfe, m#^*f-fsfflifl)gEffi©e«itti4<a< ft t> a 

[00 5 7] * fc, flE«lKSglM#(i, i±?l^^©a 
lB!^j/.Sr|6j±$-tt-Sfc»»C|4, s<a7x#s( YmMO 

%aT£-f S r 1 3**J: «9»* U\ 
[0 0 5 8] Sfc, E'UK^Ili/iJcfttt, M^©iEl« 
&S.t>'1i«W56ffi««-t-Sfc*, 3fet5fcKttff««K 
"o tf S ffi#{c2t1- S JB * £&©iUH£ Sr * S fc I- 
i±, 1 0 ^«%WTT'fcS r t mm L < , 5 

[00 5 9] 4fc, *^t*5^S£EmSBltt, J¥£ 
*S 1 ~3 0 0 Mmt'fcS: t^if*L< , J¥$^3~l 

[0 0 6 0] JEEmSB 1 OJP^JJS 1 nm^mxhit. 

' fc^ffcri^+fttfttl^o JEffigB©Jp$^3 
so 0 0 m m S t tBWW{CS<$'^©JS^7J 5 i§^ t ft S 
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fc*, &ft$gi£BSit1-5fc*lc£9J?V^7S y^* 

[0061] tfc, *^^(c*>vn-ci4, fcmm^-nm 

SSM <Dlf £ (c ft-f 2, -tr 7 5 -7 ? * SI* 2 <DI? $ ©Jfc 
(±5$. v ? x$kW/fenM) i>\ 0. l~3 0fM 

rir;oW£L<, 0. 3-1 OT'&Srttf^fcflfcL 

<, 0. 5~5r-3b2>r tv\ 
[0 0 6 2] <*C(C N *56^{c:*5(-J--5m^3 fi, /Efttms 'o 

1 ldttMW^S«5$tt?. k©-efc;ft,tf 4u\ 

[oo63] *mw^*>tfz>mm3 tLxit, m*. 

If, g]4l^-t-4 9lc, S(4t2(^ia#LT^5i£mSin 
±K, -WII1I3 8, 3b£^JcLfct©, $ 

^m«3c, 3 d±(Cjima51*ia*LT^^'b^5:* 

[0 0 6 4] EI6{C^-t-«t9(r, ^2lC|i|t 

LT/j;5-WMS3 c, 3 d±l;j±1tg|Sl 
LTftSii tl-, flSS^WS3 c, 3 d#|g«LT^.5 20 
H«gproffii:S^C»Eli^ii«ffi3 e £fiML-C&5 1 
CT"{ J J;<, m 7 IC^-T J: ? fc, iS(*:2(r|i|«L 

r/i5*ii*ft3 e±K/±m^l £|gflfLT&5<!:<tt> 
f-, *iimffi3 e$r@»tTV^ffim^il(Difi5i:R*j-« 
ffil:-*f©lfil3c, 3 d^^UT/i-StOT-t 

[006 5] licii, 0 8 »c^-f 4 ? t, fil!c<DEElt 
£|S (1 a~i k) 5-pg«W»c:^ctf>ttsa^(OffillSl 
-TT-li, (1 a~l k) HOJC, ®ffi£>£4£3 f 

[0066] r (Dm, mmmt. izmnm?) 6 o ~ 9 

^BEm^5*S<D6 0%^T-fo5ir, mmmt'^m^ 

smso 9 0 t m.m<Dim&t>it£M!M&&m 
t*<9, im&tt<D-ffiig.t>m^b, mmm<vmfo*?m 
mwrnomsbteZo 

[0 0 6 7] *%W\CtHiZ>mm3Vi$ s ttRfcoV* 

z>'pt£< bhimfrht£Z> *>©>& iifi r. t #t-£ s„ 
mm<o&<owm&L* , &§,birz>tLti>\c y #5* 

s^t-r s^icii, &wm<ottmx nx<ommx-m 
-x-h^xhx<, -MxtmxomMX'gtevxkx 

[0 0 6 8] *|gnj1lC*3(tSSffi3»±, jgflj^/f^i 

3 tmtam t l t hub l . s a^ia vjx $ < & 9 ^ 50 



7.? 

[0 0 6 9] ^^©Jimilli'-joV^Ttt, W± 

mgpi ic«rvW(c^$^ jEtnginii, S&2K, k 

S!Xf4lIffi£^ L T OS] 1 $ *it V * 5 t> © T'fc 
[00 7 0] rtvlci'?, g?«-^o^ffi(ci5ir7 

[0071] ;t rs*j 1 14, #&, 

xitnmbomttuxfcicx*) , -tys. -y^^mm^m 
nzmt&x\tmMzi\-Lx%%-mtir2>zb zmmi- 

5 0 

[0 0 7 2] fc*}, 0 8 CtfliiWff^fi? 
(4, *T»Offi«»l aj, Sfr2{C s itSXI4«ffi3 

[0 0 7 3] Sfc, *»WOBE«*^tS3V^Ttt. ^> 

fi?jST'$>S i V> 5 ^t? 1 2 0 %&-k75S#* L < , 12 5 
%&.±Vh 5 C b # J; 9 * L V \ 
[0 0 7 4] jfcK, ^WwEm*^ ©»JS*ffifco 

[0 0 7 5] *»Wt?fflV^f,Ji*a;fttt. «8BOff 
mm-T<D b w 5 T'^fc-fe 7??^ ic^tJl'-tS^Sr 

[0 0 7 6] Sfc, *»WC^V^il5ffi«*r»tt, 
§S„ 

[0 0 7 7] fi|J*, N Pb, Ba, Ca, Sr, 

La, Mg, Ni, Nb, Zr, T i ©#%S/l>f,*5 

-He>#7c*©iWt:«) (W*tf, PbO, Pb 3 

0 4> La 2 0 3 , MgO, NiO, Nb20 5 , T i O2, 
Zr0 2 ) , r^e>#5c^©^i?« BaC 
O3, S r CO3, Mg CO3, C a CO3) , XitZtlb 

&yimzm$itGi- zitG® mz-tt, M g Nb 2 o) 

Pb, Ba, Ca, Sr, La, Mg, Ni, N 
b , Z r , RTIT i (D^7i.m<O^^A'\ gUC^^fc- 

«a (1) fc7nfBfS<0W&fcfcS«fc5te»£L-C, A 
T, 4 "9 0* L< 140. 5|imy.Ti:-r5„ 
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[0 0 7 8] &I^T\ ^<DU-&%Q*. 7 50-130 

art tflift. L < , 2 %»T"efe.5 £ i #«fc (J U 
[0 0 7 9] fcvv?, ft&ftfcEftfltSSjtffe*, fj 

m. mmmmm<D^mnmt, o . i~i. o^t 

^;i«L< s 0. 3-0. 7 vmX-hZZttf 

iWJfftLK roi^ffigi LT^<CtT% 
«J6i-SJftttffltJ:o-C» 1 ~ 1 0/imf, 

£ 4 r i # ■? * 5 . 
[0 08 0] j5c*s» 3«t&*fitg©W«tt, U»L"C 

#^>tifcj±tt#»©^^ x 4oo~75 or-c^sii- 

o it &nn t -t 5 £ t # 5 1t ft # * L V \ * 
[008 1] *»liK:|8^-<\ »&ilfcBE»H<sHra 

t, fi¥ic«ffi<oi«v«, w^T^L-caii-t-a- 

[0 0 8 2] Stt±fcK«)E*tt*0**5# 
[0 08 3] tfc, «SSr?gfiR-rS*ffit LTI4, fl 

xtf, ^fi-yf-A, ^^u^ pv 

D, -f^-vyu— r-f CVD, y-y^, X^y- 

c t n t't>> :^x^tt&u ^ l±«3st©f££• 
[008 4] JBfiRSftfclgffitt. 1 00 0-1 

4 o ccsfioswaaKj; >? . m»&xf/xttmm9tt 

[0 08 5] fcfc, *ISW©i!!ig*feT*l4Sf*±X(4 



14 

■So 

[00 8 6] r*tm J: 9 , Pb, N i ^ro^i±m#r4 

n,ntirz>z.iLfcX'%Z), r^fijiiaiicj;?), be 
[0087] *3BWKjsv»-ctt, %$mw%.mmm 

>o fellir-e, 0. 0 3-0. 5 0mg/cm3*#Jf5 
Ztmi£L<, 0. 0 7-0. 4 0mg/cm34t# 
mctJ)SJ; !>#F*L< . 0. 10-0. 30mg/ 

[0088] mm^&rt zmsftQmmmm^tc 

OONiOftgiii, 0. 0 3mg/cm3jfc}»-efc.5 
©N i Oi#, 0. 5 Omg/cm^iiit, Ni 

ft, Kli»i@ai</i5. 

[0 0 8 9] ft fc\ $ *5 #ffl£M$itt&«> N i 

t-rsrttctij, n i ozizm&f fd^-i^>fc$-& 

t(cit), N i 0SrJEl;a!t>fc-ir7 5 j/ 
^^Sftioftttffi*»e>JPS*ifiiKiS«iSift5«a^ 

[oo9o] *5S"I(c*^^^Tli, %mmim<Dm^ 

[0091] rtitit). «$KSrSffi©N i oSr-ft 

[0 0 9 2] *»Wfc*>v*TI4. SIJiEw#^ffl 

w#lfflMF«tt-»«r*#$*a i i tap*, Stt^fflifl. 

[0093] r<DJ;5 ftfi^fflr-, «2gffi/£tf>SEE,ft 
fflim#1i*tcS 5 * T*m#tc*J-f-5Hilli^ 
[0 0 9 4] ft^, N i OZHtfLftblTZtLttm. 
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[ o o 9 5 j *wmcto^x®rsX.TfimmottWk l 

[00 9 6] iHIMaii, iHIMaic «t 38* 

HgRWSrSift! ! a-r5K<DSfi^*tLT± 1 0 Ottf>i& 

[ 0 0 9 7 J £ fc, SMgjififeoSiii&tr/rtafcN i 
KiWoa*, ttftEfi 1 5 w jWJ* L < , '>ft < 1 1 

3 mw±tt 3 c: fc # J: 9 #* u*. 

[0 0 9 8] toH, 3fJHH§^a£-$firo7c 
ffW»©SR»aSr*«ElfT5 - 1 L< , 9 

Kaffir fc»* U\, SK^ffl&a&aftlBl 
ffofcm> JBE®tm©iRfta«r««lHlfT j Z t L 

V\> 20 

[0099] **Mfc*5t*Tffmw»©sfi«Haiafi 

tt, 1 0 0 0~1 4 0 0Vtm%L< , 1100-13 
5 OTCtJS «t >5 ff* U\ 1 0 0 CCjlcttOfflffi-CJl, * 
7 $ y* *SttiBE«»i: Olf*^tfcofc 9 . 
JEmSfW^tt^^+^t^^ct^fct), 1 4 0 0t 
EEfl^m^roPb, N i tf>#8S;JS£<ft 

[oioo] *fc, ii^a^ftffisAft^ni^ 
i o fm± i o b$ikt*;»* l < , i \%rm± 4 mm 

KT#J:9ff*U\ 1 0^*«-Ctt, ffi«®§g«» .10 
v®mb J S>&&&tf*ftft t ft 9 fl < . Br3©*H4i4Mt 

»«J»SrfToTV»Xt» Pb^Ni (73#^4^#< ft 
9, «H4*M8TLfc9, l»a«a*«;t5iv^*A& 

[0101] #|gwi;:*5^-c\ %m$Mmti, tttffi-Sr 

«ffii:#JEttg8tt, ; E-^-f*i^^/«-r57tt>*(cfife! ! fflL 
TfcJ:v*U &XZBl&Ltzmz.1lMmLXi>&^L, 40 
V »< oA^ffM Lfc«Kl»*Dfai-5 d £ £:& 9 M LX fc 

[0102] *»wtisv^-cH:, SiMiaa^ 

1 2 0 %U±XhZ> Z t i>mt. L< , 12 5 %JM_hT**> 
[0 10 3] 
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-rsriv *wmtztib$iMmc£<>xto<bm&zfiz 
[0104] mm % m 

(1) Sill we 

±T8ffiWfc«Jfcis 3 kV/mm<tft3J:5Km;££f=P 

[0105] ( 2 ) m*t*[i-5JBlUl« ffi©il»tt 
lTt»]l:iS#4 k V/mm i ft 5 «t 5K«J3E£PP 
auLfcBJ^CfcJBftiEfiit, 2 k V/mmirftSJ;? 

»TffffiL7t 0 ft*5, Ki||ttiSiSS^Bif2 0 0%K:iSfil 
Lfcfittft^o 

[0106] ( 3 ) I^MtftTCeg 
S-7*«lT*^LTjBiJ^L7c 0 *IW«jtH:, ttfi©» 
t L, 3£^g^^|Bj£« 1 0 0fi»OttSSrj»J£U 

w-mm t *^*ias:*ft7t. 

[0 10 7] (4) gtfLsfs 

as. wsod m<nm&*fe&mn*w®mxmik 

l . 3 aa-C©JBEa»«f©!S?LO £»5ffi«©W£«r* 

[0 10 8] (5) IRtt 
m«Mt, «#7)S 4 k V/mm t ft5 «t 5 ftlffiW o n 

/offt 1 k h z ©insticT* 1 x 1 osmaa-eBi 

(om^mmn^ximLtz. wh, mmwMm&x-m 
immmit Lx^tetttum!K& 1 o o %x-h 9 , m 
mmmommm* o t Kitcm&mMm o % t ft 

[0 1 09] (6) mmmm 

►mrigt, mm* \ k v/mm t ft5 «t 5 ^mjisrppsp 

*wwm&&, mmmmt LxtmLtc, 
[0110] mmm 1 ) Y 2 o 3 x^mt^titz z r o 

(»*a50-+ffi = 1 . 6X1. 1 mm, W£ : 1 
0/tm, ff$^7|Sjl^*J(t2)WEiW7)^ 
X(±m^Sr@*1-5ifii^ipffl) ) ±fcS^*»e>ft5T» 
Mm (^tffi : 1 . 2X0. 8mm, if S : 3 M m) 
^ y - >-F-PJBiJ?i fc J;9«L, 1 300X;, 2 ftffioJK 1 

[0111] f©„tl;WSg0. 45/i mT% ft* 
fe@l. 8nmt?fc5Pb L oo ( (Mg 0 .87N i 0. 13) 
l/3Nb 2 /3} 0.20T io.43Z r 0 . 370 3 ^^ft SUtllt 
(Tlffi : 1 . 3X0. 9 mm, if $ : 13(im) 

^ y->F-iWi^<t 9 mm Lfc, 

[0 112] »:^T*, JE'lTOi:^-»/iJt©#E{|MI|]iJ 
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0. 1 5mg/cm3ia(:##$t, S^llCfft 
Lfcfc©«\ 1 2 7 5t, 2I^WJft»at 

[0113] jRftm©RKtt, -7**s mttftiii: 

NiOitO. ISmg/cm'WSrtCSffHT, 
[0 114] fcvvc, E«»o±t^e,/j:5±»* 

ffi : 1. 2X0. 8 mm, : 0. 5 /i m) £ 

[0115] mmm2) w-mmm-o. 5i„mt, 

MckW&ftS. 3/zm-CfcS, Pbi.ool (Mg 0 .87N 
'0.13) I/3N t> 2/3} 0. 20 T '0.43 Z r 0.3703^^^ * 



18 



* sfEntmsrteffl Lfcri sxm-t. mmm 1 1 note l 
[0116] (fHD mtfl 1 <Di±m%*i$. ¥-m®.& 

Ii2. 2 M m, McMrmt5. 

T, M2 k V/mmfflfflllffilCMtS 4 k V/mm 

<Dm\im&<Ditm oar, r4/2JE«&jt$j £v^ 

ft<Djt$«:tti§i7>>o7t. JB*3Efte»t, 2. 1 

[0117] njfi^ii 2 roffi«$^Tfi, 

Sli 2 . 3pm T-fc 5 **3fiStt 15. 5 u £ 

4/2 mmmmtmz 1 5 1 %-?* 9 , a#ic*t-r am 

7c . SI \Umti. g ft t>, 1 . 8 1 /i m £ 1 ©JE®^ 

[01 18] 





(Mm) 


(Mm) 




4/2ii 
& fit ft * 
(%) 


(Mm) 




2. 2 


5. 9 


2. 7 


1 6 5 


2.18 


mmi2 


2. 3 


1 5. 5 


6. 7 


1 5 1 


1.8 1 



[0119] (#%W1~3) UttWlfcfc^-C Pb 
1.00 { (Mg 0 .87N i 0. 13) l/3Nb 2 /3} 0.20Tio. 43 
Z r 0 .37O3*»e>*5ff«««l§fifciftS:mHL, 

n®btiiti£nm&mi$.®>9 7^4%, 93^*% 8 

W1X3§1% > 7^ft%, 1 S*i%«#Lfct)OS: 

[0120] mm) &nw 3 ©j±a*7- ffimtm* 

5®m%U&) T*f±, flBWWl 9% 
X-hi1Ztii y *£>|g©4/2ffl|Ui^iJts£lil 3 9% 
T\ fflllil^ilil. 6 5(imt-jbofc, I^BSfc, 



Ti±, M?L^7)5 10%T\ 4/ 
Jfc*tt 1 5 1 %T\ fflttgflrH: 1 . 93dm 

1 ©JEE« (JEStHW fc; 7fy^ 
Tii, ^,?L^5%T\ ^Wi^(D4/ 
Jt^tt 1 6 1 %T\ JBlUl^&tt 2 . 0 2 M m 

[0121] 
[*2] 



£3&ft% 
2Jffllll|§£& 

<&5C£ 







{%) 


*ffi0fi«H4 (X) 


(urn) 




3 


5 


1 6 1 


2.0 2 




7 


1 0 


1 5 1 


1.9 3 


##0]3 


1 5 


1 9 


1 3 9 


1.6 5 



[0122] (JtttM 1,2) *3 (C^-tN i 

(y) ©gfcS 3fiE»H**««»*»e>/i5ffim«»Sr 

L7C„ 

[0 12 3] (fffl) &jftft$0N iM£ (y) #0. 
1 3 O^ffi^i 1 ©Eiifftt, m?L^/)S 3 % £ /h $ 

tiL<D&&\± 9 4 % £ , ««>-CW^tt r £ 7)5=Sfe 



[0124] rftKfcJ-L-C ffl/ffc^tpWN i fij-g- 
( y ) 7)5 0 . 0 3 £ /J> § 7iJ:bU^!| 1 ©flEm^^T-li, « 
1 3%£^C# < , agW3ljUftl}©Jillll^ffi(C*)"t-5 
iffi^np«OJSllUl|gffirofiJ-g-Ji8 9%£, W^tt^^Ji 

t, 1. 9 6 ^m£^«i^(7);iEmi!l-T- t t , 9/h$7)>ofc 0 
to*, ft/M/^coN i flj-g- (y) 7)50. 2 5£*#fcJt 
<Rffil 2 <DS.mm^XH, 4 % £ /h£ ^ fc ©©, 
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20 



tz. JSflil'gfit, 1. 8 3j«mit<,/hS!)>ofc.8** 



[0125] 
[*3] 

















(%) 


(%) 


(wm) J 




Pb t< 00 { (Mgo. „NI „. „) i/aNb 2/l } 0i M T i 0 ,„Z r 0 . t A 


3 


9 4 


2. 1 8 




Pbi.oo { (Mg 0> i7Nl 0 . M ) i/iNbi/j} o. M Ti 0>4 |Z r 0 . j?0j 


1 3 


8 9 


1.9 6 


fcfc*fcflJ2 


Pbi.oo { (Mgo.nNlo.,8) i/«Nb 2/3 > o. 20 T i a . 41Z r 0 . J7 0 3 


4 


7 3 


1.8 3 



[0 12 6] mi&W3) Pbi.oo [ (Mg 0 .84N i 
016 ) 0.97/3 Nb 2/3) 0.20 T j 0.43 z r 0. 37 0 3^?>ft 
Lfcr tJ*m43M 1 b RHR£ LT 

[0 12 7] (S«fl4) Z r0 2 S#tHWIs£*lfc 
®f±lC, Pbi.oo ( (M80.95N i 0.05) 0.97/3 Nb 
2/3) 0. 20T i 0. 43Z r 0. 370 3 7)>ib&5J±ffi*m£$/f 
U Pbi.oo ( (M g 0. 80N i 0. 20) 

0.97/3Nb 2 /3) 0.20^ 10.43Z r 0 .37O3^5>^5ffi® 
Lfc r iJ^I43H»J 1 b LTffim^ 

[0 12 8] (HJ6M5) Z r 02»«et-(Wfc$ilfc 
«ffi±fc, P b 1. 00 ( (M g 0. 95N i 0. 05) 0. 97/3N b 
2/3) 0.20T i 0 .43Z ro.3703a»&fc*JEE**m«r«fll 

U 3Et*©±t, Pb L oo ( (Mg 0 .80N io.20) 
0.97/3Nb 2 /3} 0.20T io.43Z r o. 37 0 3 frb*£ZI£m 

*aa*3iafTofc*«&t«iHR*fflv^r 

[0 12 9] ffijfc) ■MMM3<Dj±mm z FX-lt, 4/2 
4Mt#Jt««)K<, JS«tt'b 2. 22 / imt*£;4»o ! 



[0 13 0] IQfcffl 4 ©ffi«J|t^-Cf4, 4/2 

«mi«ttjt«fcj«, 1 7 2 % t ns^y 3 ommm-j-x <o m 
#K#rsiBiiii£flwiS*itt#i*i< s maimnmm^ 

PMA»«fKJ:tUtBLfci:w5» ffi«g|5«ffilci4N i 

mubhtltZo N i (4. JE«g|5 s^^&tt 

t©H*jfi*»feffS*lflllCia«ffii:*S«ft4giaS:5(rL 

[0 13 1] ifeTt, Hffitfil 5 WBEttiH^T-fi, 4/2 
JHilli£ttJfc$#, 1 7 7%b^hM^WMlcMirhmih 
fflfammtb bin, IiBiffilco^tliPS^gil 

MAWrK 4 *» ISLt t r 5, ffmSB^ffi&VffimSB 
rt^WW*-^ N i OSri^i-fSigt^s^LTV^ 
Zz\b*mtf>btltc 0 ttc. £E«»&iS&UCJ9Ettftrtn 

[0132] 
[*4] 





n i o^^i-r 


n 1 o£±/£#<h*r* 


4/2 




3 




*L 


1 6 8 


2.2 2 


H ffi 09 

4 






1 7 2 


2.17 


£ Jfi ffl 
5 




fftffi 


17 7 


2. 1 9 



[0133] mmwGxxttmw 3,4) gum 1 k 
[0134] wm) j£mM$w><DM gtNi w-g-g m 

&&*%m<OW®ft (a = 0. 9 7) T*fe 5 1116^6© 

izmm* r*tt, 4 / 2 ffltt^^irb*^ 1 7 o %t , mi? 

2 5 /imi^!l>ofc 0 

[0 13 5] rtUC^LT, JEm^iBfiic^tWM g 



b N i CD^fH-WiJ-a-rtS/hi* ft ( a = 0 . 8 5) tb^S^J 3 <D 
BE**^"?Ht. 4 / 2 JDAK4Ufc##t 1 4 3 %i 
*W5ffllttaEffi©a«tt^fi< , Blfll^g^tl. 7 

N i (D^Um^±^tt (a = 1 . 15) ibKt^il 4 "C 

a, 4/2iniiiiS(fejt*asi 3 7%b, mmztt-rzm 

ft^{2roK«R«-*s*ttS< , JtBiUi^teHftt l . 5 9 M 
[3SJ5] 
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(12) 



21 



22 





Pb I {(y gl .,Ni v ) 1/JXl Nb 1/1 )Ji t Zr d 0 1 


4/2JS 

* {%) 


(/im) 


PbR&7c# 


X 


y 


a 


b 


c 


d 


8 


(do 1 X) 


6 


Ba 
La 


4,0 

0.8 


1.00 


0.13 


0.9? 


0. 370 


0. 380 


0.250 


170 


2. 25 


JtttW 

3 


Ba 
La 


4.0 
0.8 


LOO 


0.J3 


0.85 


0.370 


0. 380 


0. 250 


143 


1.76 


JtttM 

4 


Ba 
La 


4.0 

0.8 


LOO 


0.13 


1. 15 


0. 370 


0. 380 


0. 250 


137 


L59 



[oi36] mmm i Rmmm 5 j xhm ik»^ 

T, ft 6 C*-#-«j*©BEWm*fflv^r *B*HtJ»| 

[0137] mho /±«wp© p b 
mom&ft (x = o. 9 8) X'hz>-£mm7 ommmi- 



* [0 13 8] cW;*Ht, IFl#W©Pb©M 
^^Vjx £ ft ( x = 0 . 9 3) Jt$fc0i| 5 O&n^'X-ti. 

■ 4 / 2 JBAKttJt** l 4 6 % £ , «IKc*tf5HaiSE 
fi[«>itiRtt^ffi< , mimH^^h 1 . 7 2/x mi/hS 

[0139] 
[ft6] 





PbJCMg 








4/2J0 
* <%> 


(urn) 


P bfi 


X 


y 


a 


b 


c 


d 






0.98 


0.13 


0.97 


0. 375 


0.375 


0.250 


162 


2.05 




ML 


0.93 


0.13 


0.97 


0.375 


0.375 


0.250 


146 


1.72 



[0140] (Hjfc0ij 8-11) $7 frml-mrfHDfem 

umzmmLtzz t&mtmmmi tmm\cLxi±mm 
[oi4i] mm mmm s^n m^hoinmm 

4/2®«{iitWi 6 0%«±*Jt«tti$^ 
2. 1 9MmaJ:i***ot 

[0 14 2] fit, PbCD5. Omol%^SrT'I 
}^LfcflEm«^ffl^fc**W9(DBES*-7% WPb 
(7)10. Omo 1 %£B atl^LfclltH-^fflV^ : 

Mtll6 9% 16 6%^ Pb^<giU^$M 



«#K^5fflift«ffiOiI||tt*J:9W<ftofc. 
[0 14 3] Pbtf>7. 5mol%£Sr, 

7. 5mol%£Ca (£ft"Cl 5 m o 1 %) T'Htfe L 
fcffi«tt»S:fflV^fciaiSffi|l KOJE**-?-^^ 4/2 
JBttfcflUt*** 1 6 0%i % Pb^i<I^U^« 

• [0144] 
1*7] 





PbilttgiJII^^xiNb^JicZrA 


4/2 M 








X 


y 


a 


b 


c 


d 


& & & m 


m) 




8 


(molX) 


















^ tti $ 
8 






1.00 


0.13 


0.97 


0.375 


0. 375 


0.250 


164 


2.26 


9 


S r 


5.0 


1.00 


0.13 


0. 97 


0.375 


0.375 


0.250 


169 


2.33 


1 0 


B a 


10. 0 


1.00 


0.13 


0.97 


0.375 


0.375 


0.250 


166 


2.30 


1 1 


B a 
Ca 


7.5 
7.5 


1.00 


0.13 


0.97 


0.375 


0.375 


0.250 


160 


2.19 



[0145] mmm 12, 13) is tm-rmimom 
mm^m^tzztumtmrnm 1 1 Lxmmm 

[oi46] mm) mmm 12,13 wrtuo&m 

Kv^«iM;:*f-f-4ffl*3Efir©ieil6tt^B«>t>iifc. 

[0 14 7] fit, Pb©0. 8mo 1 %£L aT*g 



m Ltzizmtm*® ^tzmmm 1 2 <oi£mm* -ei*, 4 

/ 2 ffl|lt|^{£Jt*j}5 1 6 7 % t , P b (0-ftS£ L a -CIS 

ft t x v * *v ji ir 'tzmmm 8 oESjUi'-icjt 

fiig^t>2. 3 0 ( imELkiJ:t>**</.£o;fc 0 
[0 14 8] Pb©l. 5mo l%^LafI 
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(13) 



23 



24 



10 14 9] 
l«8] 





PbJ(M gl . v Ni ¥ ) 1/3Xa N 






4/2 Jift 

£ ffi it * 

(*) 


(/(m) 




X 


y 


a 


b 


c 


d 




(mo IX) 




ML 




L. 00 


0.13 


0.97 


0.375 


0.375 


0.250 


164 


2.26 


Xttfll 1 2 


L a 


0.8 


LOO 


0.13 


0.97 


0.375 


0.375 


0.250 


167 


2.30 


IfcKfcl 1 3 


La 


1.5 


1.00 


0.13 


0.97 


0.375 


0.375 


0.250 


161 


2.18 



[oi5o] mmmi 4, \mm&, 7) Pb 

1.00 ( (Mgo.goN i o. 10) l/3 N t>2/3) 0. 20 T 5 0. 43 

9K*i-j:5t. wm%mmam, m^^mmm 

ffi%tzV<DN i O&ftft-?, WPftO. 15mg/c 
m 3 N O. 750mg/cm 3 , O. 015mg/cm 3 

[0 15 1] (ffff) SHfttlfttm*. *»rt«aH¥ 

te^SfcU^N i OffiT'O. 15mg/cm3#ff$ 
tfTfitof £ffofclllS0i| 1 4©fft*fttt > 4/2 
S«fi£Jt«PtfS 1 6 7%t, «^tt#(C*J-T5IlllllMi 

[0152] r*ud*tL-t, %m%mww®&, 



^[H^mmtmn^i fcooNi omit^ o . 750m 

g / c m3##$*T!R»a&ff ofclfcftfll 6 ©AM 
-TT'fi, 4/2ffl|UiaEffiJt*^l 6 4%t, «ISHc*|-f- 

5Jfflilli^ftroitil§H4!isjt«6<j|l5 < . Jai«<i@ #t 2 . 

&, »?siwffl3fct)«)N i o&&nx\ 0. 

0 1 5mg/cm3*#$-frTfl*aai^To7cJ:ti|Sf!l7 
0/E«lH-7-Cli, 4/2 JBdllSEttJt*^ 1 4 4 

jo *fc, Hilling ft fc> 1. 5 8^mtit)/hS</j:o 

[0153] 
[«9l 









4/2 JSfii& 






ffi£ffl££S (mg/cm 3 ) 


^ (%> 


ttlt* (X) 


m) 


SttMM 


0.150 


2 


167 


2.29 


Jtttfle 


0. 750 


15 


164 


2.01 




0.015 


2 


144 


1.58 



[oi5 4] mmmi 5) lt, tofs*id 

Pbi.oo { (Mgo.90N i 0. 10) l/3 Nb 2/3) 0.20Ti 
0. 43 Z r 0. 370 37)>lb ft SJBEWWfcfflV 

[0155] (ItJS^Il 6) Pbi.oo I (Mg 0 .90N i 
0.10) i/3Nb 2 /3> 0.20T io.4 3 Z r 0 . 3703^ ft 6 



[0156] mm ) if $ JGr fa&lStt 5 Wf ffi»*taJWS! 
WiS^SrflJ^fcllffi^Jl 5t?tt, 4/2Jffllll)^ffiJt^5 

1 73%t, mzjmcisrt mmmyttf&Mt asm 

DHiXttm^ S: IS^ft 5 E # ¥*&) ©&ft £ ffl v >fc KM 

1 6tcjt-N «#<c*ti-5ffltH)«{ii©i:»tt7)5iii<, is 

«{«:Sfrt>2. 4 ^miHiim 6 ©iESSH-J-J; 9 

[0157] 
[$10] 







4/2 
ffiJt^ (%) 


(am) 


5 




17 3 


2.4 9 


XMM 1 6 




1 6 6 


2. 3 1 



[0 15 8] (It« 1 7) gf*±K:ftWi, ffiSW 

^ TEW®. izmwPt, AMWfim 2o® 
^mmmttz^<Dm^^mmmi<D^\zLx, #ee so 



mttHow-z %5um (±Vfximfm 1 1 mm^ 1 o M 

[0159] (Wflj) JESg|5cD®g:7)S 1 -cfes silted 1 
©i±m^-T-T*H, 4 / 2 JaiUj^iJi^riS 1 6 5 % t 
<> m#{c^1-5fi!tllllie(7)i:«tt7)Siii^o7c:. 
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t 

(14) 

25 26 

mm?xi±, 4 / 2m\ttimmtm$ 1 6 1 % i hjsw i i-„ 

<Di±mmi- 4 <9 S#(e#^5jg [ r«{i©Ki8H'+i#ffi< & [0160] 

o7t„ fit, /Sllll^£[Elftl4 2. 30/zmi, HJfeffll 1 * [* 1 1] 





$ (/im) 




4/2JH*S 


(urn) 




1 0 


i 


16 5 


2. 18 


ftllMl 7 


5 


2 


1 6 1 


2.3 0 



[0161] 

(4, ffi*Tiii^j±«#tt£Wt-5 title, ty;^ 
n K 35 5 ffiffl K*J ^ T t ffi V Sr*-f SffifllSf -7-24. 
Zb#X'%Z 0 



[04] *?6nj(Offi?Ijj|-TOte(D^*(D^<i^^W 
K^-tHlWH-C, W) 14, ¥B50, (a) 14, X- 
X' BrffiHT?*)*. 

lC*-r®WmX\ (4) 14, ¥lESh (n) 14, X- 
X' ffffiH-OibS. 

[0 6 ] *»W©BEtt**©te©£tt©$ll*^W 
[117] *38W©ffi«**©fi&©3S*©7Btt«:«5!C« 



fc*tK«HT, (-0 (4, spffiBL (o) (4, X- 

x' mmmx'hz, 

tmtmwmx. m 14, ¥eei, (n) 14, x- 

X' ®rB50T-;fc.5 o 

[m 3 ] *%w<oi£mm? <Dm<DnM<DBffi&m#.m 
iC7jat^mmx\ (4) 14, ¥EB, (n) 14, x- 



[08] *»WO£E1t*^©ffi©3lit©^«S:«a:tt 
^^•flTriBBI-efcSo 

1 (la~lk) 2 •••££( 2 a -B*E. 

2 b-Wl*)g|$, 2 c » 3-m<i (3a-±gp 
Stt, 3b-T»«1f, 3 c, 3d-ttSMUi, 
S-3e, 3 f -<M&, 3 g-Ett) o 



II] 



[112] 



IH4] 




3b 



3o 




(•<) 



(D) 







